Breeding activity of the house sparrow (Passer domesticus) occurred between March and August; up to four successful clutches per pair were found in each breeding season. Timing of breeding activities and breeding patterns were compared for the years 2001 to 2003. Of the 656, 760, and 600 (total 2016) eggs laid in the three years, 334 (50.91%), 426 (56.05%), and 362 (60.33%) (total 55.65%) hatched; 224, 276, and 209 (total 709) nestlings fledged, giving a breeding success in terms of eggs laid of 34.2%, 36.1%, and 34.8% (total 35.2%); 67.1%, 64.8%, and 57.6% (63.2%), respectively, in terms of the eggs hatched. The mean number of fledglings per clutch was 2.70 ± 0.13, 2.42 ± 0.09, and 2.36 ± 0.11 (2.49 ± 0.06). The mean nestling weight at hatching and before fledgling (day 15) was 1.81 g ± 0.40 (n = 59) and 21.10 g ± 0.30 (n = 94), respectively. These data provide a base against which future population changes can be monitored.
INTRODUCTION
The house sparrow (Passer domesticus L.) is common in Europe, North Africa, Asia, and in other parts of the world to which it has been introduced (viz., America, southern Africa, Australia, New Zealand, and some oceanic islands) (Summers-Smith, 1980; Böhner et al., 2003) . Occurring in built-up areas, it is a very familiar bird species.
In the last century, rapid industrialization and environmental changes have threatened the existence of many bird species (Kiziroğlu, 1987; Donald et al., 1994; Fuller et al., 1995; Chamberlain and Crick, 1999) . However, the House sparrow, one of the most common birds in human-altered habitats, has been least affected by the environmental changes. With increases in the built-up habitat, numbers have increased over time. How--ever, this trend has been changing and recently there have been reports of house sparrow declines in many areas, especially in Europe (Summers-Smith, 1999; Bezzel, 2001; Crick et al., 2002; Böhner et al., 2003) . The decline has been attributed to lack of food, predation, decreased availability of nesting sites and, hence, a reduction in breeding suc--cess (Mitschke et al., 2000; Siriwardena et al., 2002) . In addition, the decline could also Downloaded by [Akdeniz Universitesi] at 03:56 30 December 2014 be the result of decreased survival rate. No decline of urban sparrows has been detected as yet in Turkey, and data on the current breeding success should provide a base against which future changes can be monitored.
In the last two decades, uncontrolled tourism and agricultural activities in the Medi--terranean region of Turkey have resulted in the reduction of natural habitat (Erdoğan et al., 2002; . Urbanization and reduction of natural habitat have had a negative impact on the breeding success of many bird species and their popula--tions. This study was carried out to determine: (1) the timing of breeding activities, (2) reproduction success, and (3) population trends.
MATERIALS AnD METHODS
Antalya is located in the Mediterranean coastal region of Turkey at latitude 36°53′N and longitude 30°42′E. The city is situated in the bay of the same name at an average altitude of 51 m a.s.l. The study area, the regional Department of Forestry site, covers 2.25 hectaares and is located at the city center (Fig. 1) . The site consists of office buildings, living quarters, play areas, soccer field, and arboretum, and is surrounded by trees, providing nesting and feeding opportunities for many songbird species.
Sixty-two wooden nest-boxes, 14 × 20 × 22 cm with a 3.5-cm entrance hole and 1.5-cm wall thickness, were hung on trees in the study site. Each nest-box, painted green and numbered with black paint, was monitored for three breeding seasons; each year the contents of the nestaboxes from previous years were emptied in February. During the breeding season, nests were checked twice a day (between 0800-1000 and 1600-1800) to determine the date of nest building, date of laying of the first egg, and duration of incubation and nestling periods. The date of building the nest was taken as the first day nest material was added to the nest box, the date of laying was the date of the first egg, and the date of fledging was the date the last chick left the nest (Erdoğan, 1989; Kaçar, 2001) . Incubation period was taken as the time between laying the last egg of the clutch and hatching of the first egg, and the nestling period as the time between hatching and fledging of the first nestling (Singer and yomaTov, 1988; Hole et al., 2002; pampus et al., 2005) . In order to determine the number of clutches during the 2003 breeding season, 24 adult females were ringed with a unique combination of two or three colored plastic spiral rings (white, red, green, and blue). The adults were trapped with a mist net and released after being ringed (Erdoğan et al., 2003; . Rings were placed on both left and right legs of the females (www.cr-birding.be). The nest-boxes, both those used by ringed and by other females, were checked twice a day to determine the breeding parameters (number of clutch, eggs laid, hatched and unhatched eggs, dead nestlings, fledglings, and duration of incubation and nestling periods).
STATiSTicAl AnAlySiS
Analyses to determine whether or not breeding parameters differed significantly between years and clutches were tested using ANOVA. Multiple Comparison Analysis (Duncan test) was also used to determine differences and similarities between years and clutches, and these results are shown in Tables 3 and 4 . Groups represented by the same letter are statistically similar while the others are statistically different. Those repre--sented by more than one letter are similar to groups represented by the same letters.
Effects of climatic factors (data were taken from Antalya Meteorology Station and presented in Appendix 1) on breeding activities and parameters and the strength of the relationship between breeding parameters was tested using the partial correlation test. The daily growth rate of nestlings was expressed by pearson correlation and a linear re--gression graph was generated. To determine the population trends, the mean clutch size (CS), number of hatched (H) and unhatched (UH) eggs, and number of dead nestlings (Dn) and fledglings (FL) were used to generate pearson correlation and linear regresasion graphs. Breeding success (BS) was determined using two different likelihood ratio tests. In the first method, breeding success (bS 1 = 100 × FL/TEL) is defined as the ratio of the total number of fledglings to the total number of eggs laid and in the second, (bS 2 = 100 × FL/H) as the ratio of the total number of fledglings to the total number of eggs hatched (Deckert, 1969; Kiziroğlu, 1981; Singer and yomaTov, 1988) .
Chi-square test was used to determine whether or not the difference in percentage yearly breeding success was statistically significant, and to compare the ratios of total number of hatched and unhatched eggs (H/UH), dead nestlings, and fledglings (Dn/FL of freedom (df) and significance level were reported. Data were analyzed using SpSS for windows 11.0.0 standard version (SpSS inc., 1989 (SpSS inc., -2001 .
RESULTS

Timing oF BreeDing AcTiviTieS AnD ringing reSUlTS
The mean for the date of the start of nest building was April 7, April 1, and March 28 in 2001, 2002, and 2003, respectively; Nineteen (79.1%) of the 24 ringed females used the nest-boxes. Clutches of ringed females ratios and the three-year total ratios were compared; no difference was found ( Table 1 ).
Assuming that the clutches in each nest-box were laid by the same pair, the ratios in 2001, 2002, and 2003 were compared with three-year period ratios; no difference was found ( Table 2) .
As seen in Table 2 , the ratios of second and third clutches were not statistically differ--ent between years, whereas the ratio of fourth clutches was. When all nesting attempts were considered together, there was no significant difference in clutch ratios between years (χ 2 = 7.0136; df: 6; p > 0.40).
DUrATion oF incUBATion AnD neSTling PerioD
The mean incubation periods were 9.8 ± 0.20, 10.1 ± 0.17, 9.1 ± 0.20, and 9.7 ± 0.11 days; differences in the mean incubation period between clutches were statistically signif--icant in 2001, 2002, 2003 , and the three-year period, respectively (p < 0.05) ( Table 3) .
Differences in the mean incubation period between years were statistically significant (F 2, 318 = 7.57; p < 0.001); mean incubation periods in 2001 and 2002 were similar, while the incubation period in 2003 had the lowest mean value (Table 4 ). The mean nestling periods were 15.4 ± 0.18, 15.0 ± 0.17, 15.3 ± 0.17, and 15.2 ± 0.10 days and differences in the mean nestling periods between clutches in 2001 were not statistically significant (p > 0.05), but were in 2002, 2003, and the three-year period (p < 0.05) ( Table 3) . Difaferences in the mean nestling period between years were not statistically significant (F 2, 279 = 1.27; p > 0.28) ( Table 4) .
clUTch Size
The mean clutch sizes were 5.25 ± 0.12, 5.00 ± 0.11, 5.17 ± 0.12, and 5.13 ± 0.07 in 2001, 2002, 2003 , and the threeayear period, respectively. Differences in the mean clutch sizes between nesting attempts were statistically significant (p < 0.05) (Appendix 3), however, they were not significant between years (F 2,390 = 1.259; p > 0.29) (Table 4) bREEDIng EcOLOgy OF THE HOUSE SpARROw 365 Table 1 Comparison between nesting attempts, ratios of ringed pairs, and three-year period Table 2 Comparison of nesting attempts between years and three-year period 
hATcheD eggS (= neSTlingS)
A total of 334 (50.9%), 426 (56.1%), 362 (60.3%), and 1122 (55.7%) eggs hatched; the mean number of nestlings per clutch was 3.59 ± 0.14, 3.41 ± 0.11, 3.66 ± 0.14, and 3.54 ± 0.07 in 2001, 2002, 2003 , and the threeayear period, respectively. Differences in the mean number of eggs hatched per clutch between nesting attempts in 2001, 2002, 2003 , and the threeayear period were statistically significant (p < 0.05) (Appendix 3), however, differences between years were not (F 2,314 = 1.098; p > 0.34) ( Table 4) Isr. J. Zool. Table 3 Differences between duration of incubation and nestling period based on clutches 
DeAD neSTlingS
A total number of 110 (32.9%), 150 (35.2%), 153 (42.3%), and 413 (36.8%) nest--lings died, the mean number per clutch being 2.08 ± 0.16, 1.72 ± 0.10, 2.19 ± 0.14, and 1.97 ± 0.08 in 2001, 2002, 2003 , and the threeayear period, respectively. Differences in the mean number of dead nestlings per clutch between nesting attempts in each year and the threeayear period were not significant (p > 0.05) (Appendix 3), though they were between years (F 2,207 = 3.964; p < 0.02) ( Table 4 ). There was a strong negative correlation between Dn and FL (r = -0.45; p < 0.013) and UH (r= -0.45; p < 0.013) in 2001; FL (r = -0.45; p < 0.013) in 2002; FL (r = -0.25; p < 0.004) in the three-year period (Fig. 4) . no statistically significant correlation was found in 2003. 
UnhATcheD eggS
There were 322 (49.1%), 334 (44.0%), 238 (39.7%), and 894 (44.4%) unhatched eggs, with the mean number of unhatched eggs per clutch 3.07 ± 0.18, 2.39 ± 0.13, 2.53 ± 0.18, and 2.64 ± 0.09 in 2001, 2002, 2003 , and the threeayear period, respecatively. Differences in the mean number of unhatched eggs per clutch between nesting attempts in each year were not statistically significant (p > 0.05), but were in the threeyear period (p < 0.05) (Appendix 3). Differences in the mean number of unhatched eggs between years were statistically significant (F 2,336 = 5.269; p < 0.006); 2001 had the highest and 2003 had the lowest number of unhatched eggs (Table 4) .
neSTling growTh
Mean nestling weights at hatching and before fledgling (day 15) were 1.81 g ± 0.40 (n = 59) and 21.10 g ± 0.30 (n = 94), respectively. Mean fledgling weight was 70.5% of mean adult weight (29.9 ± 0.53, n = 42). Nestling growth rate between day 5 and day 17 after hatching is shown in Fig. 6 . The correlation coefficient between age in days and nestling weight was r = 0.82, p < 0.0001 (N = 1173).
eFFecTS oF climATic FAcTorS (TemPerATUre, rAinFAll, AnD hUmiDiTy)
In the threeayear period, there were significant negative correlations between ambiaent temperature and CS (r = -0.82, p < 0.002), H (r = -0.80, p < 0.003), UH (r = -0.75, p < 0.008), Ip (r = -0.60, p < 0.052), and np (r = -0.87, p < 0.001). In contrast, there were positive correlations between rainfall and CS (r = 0.64, p < 0.032), H (r = 0.65, bREEDIng EcOLOgy OF THE HOUSE SpARROw 371 p < 0.032), UH (r = 0.77, p < 0.006), Ip (r = 0.60, p < 0.052), and np (r = 0.78, p < 0.005), and between humidity and Ip (r = 0.69, p < 0.020). There were significant negaative correlations between humidity and date of nest building (r = -0.63, p < 0.039), and between rainfall and both date of laying first egg (r = -0.88, p < 0.0001) and fledging (r = -0.84, p < 0.001). In contrast, there were significant positive correlations between ambient temperature and both date of laying first egg (r = 0.99, p < 0.0001) and fledging (r = 0.98, p < 0.0001)
BreeDing SUcceSS
Breeding success (BS 1 ) in 2001, 2002, 2003 , and in the three-year period was 34.2%, 36.1%, 34.8%, and 35.2%; differences in breeding success between years were not statistically significant (χ 2 = 0.0760, df: 2; p > 0.90). Breeding success according to the second definition (bS 2 ) was 67. 1%, 64.8%, 57.6%, and 63.2%, in 2001, 2002, 2003 , and the threeayear period, respectively. Differences in success between years were not statistically significant (χ 2 = 1.6712, df: 2; p > 0.40) ( Table 5 ). Differences in breeding success between years based on H/UH and Dn/FL, the ratio of total number of eggs hatched to total number of eggs that failed to hatch (χ 2 = 8.02; df: 2; p < 0.05) and between total number of dead nestlings to total number of fledglings (χ 2 = 6.46; df: 2; p < 0.05) were not statistically significant (Table 6 ). 
n-total number of hatched (H) and unhatched eggs(UH), dead nestlings (Dn), and fledglings (FL), in each year; N-total number in three-year period. Haartmann (1969) , Alatalo (1975) , Erdoğan and Kiziroğlu (1990) , Sıkı (1992) , and Hole et al. (2002) reported the number of clutches as 2-3 per season. However, house sparrows had four successful breeding attempts in Israel and Iraq (AlaDabbagh and Jiad, 1988; Singer and Yom-Tov, 1988) . The 24 pairs in this study in which the females were ringed laid four clutches, and the number of successful attempts by these pairs in 2003 was similar in each of the years and the three-year period. This result is important since it shows that the species laid 4 successful clutches in our study area. The length of the breeding period was reported as 3-3.5 months (Seel, 1969; Hyla, 1971; Alatalo, 1975; Hole et al., 2002) , but was 6 months in this study, the same as that in Israel and Iraq (AlDabbagh and Jiad, 1988; Singer and yomaTov, 1988) . According to Erdoğan (1989) , the date of the first egg was May 14 for the first breeding attempt, June 12 for the second, and July 20 for the third. There were three nesting attempts in England between May and July (Hole et al., 2002) . In this study the first clutches were laid in April, the second in May, the third in June, and the fourth in July, and the date of nesting attempts did not vary from year to year (see Appendix 2). Duration of incubation and nestling period for the house sparrow generally varies between 9-12 and 15-20 days, respectively (Fitter and Richardson, 1963; Haartmann, 1969; Alatalo, 1975; Erdoğan, 1989; Sıkı, 1992) ; those obtained in this study were the same as those found in previous studies. It has been reported that the mean length of these periods declines with an increase in ambient temperature (Fitter and Richardson, 1963; Seel, 1968b; Dawson, 1972; novotny, 1970; yomaTov and Ar, 1980; Kiziroğlu, 1981; Erdoğan, 1989; Sıkı, 1992) . In the present study, the length of the incubation peariod varied between nesting attempts and years, but nestling period length did not.
DISCUSSION
The mean clutch size was 5.13 eggs in this study population (36°N), which is similar to the clutch size of 5.05 eggs in Israel (32°N) (Singer and Yom-Tov, 1988) , 5.02-5.2 in Kansas (39°N) and Alberta, Canada (51°N) (Murphy, 1978b) , but greater than the <5 eggs in Iraq (33°n) (AlaDabbah and Jiad, 1988) , in most of central Europe (Dyer et al., 1977) , and in Britain (Summers-Smith, 1963; Seel, 1968b) . Mean egg numbers in the first and second clutches in this study were 5.42 and 5.45; other studies had 4.4 and 4.7 eggs (Erdoğan, 1989) and 4.57 and 4.85 eggs (balát, 1974) . According to Dyer et al. (1977) , clutch size tended to increase from south to north in both eastern and western hemispheres. weather conditions such as air temperature are known to influence food availability (perrins and birkhead, 1983) ; differences between nesting attempts and the higher mean values of clutch size per year found in this study could be related to avail--ability of food.
Hatching ratio in the three-year period was 55.7%; this is lower than in Israel (70%; Singer and yomaTov, 1988), Iraq (72%; AlaDabbah and Jiad, 1988) , in new Zealand, India, Europe, and north America (73%; Dyer et al., 1977) , but the number hatched per clutch (3.54) was similar to that in Israel, 3.90, and Iraq, 3.45 . Furthermore, the mean values of nestlings per clutch were also lower than those found by Erdoğan (1989) , Kiziroğlu et al. (1987 ), balát (1974 ), and Haartmann (1969 nestlings decreased from the first to the fourth clutch. Mortality rate and mean number of dead per clutch in this study were 36.8% and 1.97 in the three-year period; this is higher than in Israel, 25.4% and 0.9, and Iraq, 19.5% and 1.55 (AlaDabbah and Jiad, 1988; Singer and yomaTov, 1988) , but lower than in Izmir, Turkey, 46.8% (Sıkı, 1992) . According to Erdoğan (1989) , the number of fledglings was the same as the number hatched (in Ankara); however, there were dead nestlings during all nesting attempts and years in this study. Variability of environmental conditions and predation level in each year could be the reason for the difference in the number of dead nestling between years.
The number of fledglings is the most important factor in determining breeding sucacess or change in direction of population size (Deckert, 1969; Kiziroğlu, 1981) . The mean number of fledglings per clutch and fledgling success in the present study were 2.49 and 63.2% in the three-year period, which is similar to the results reported in Iraq (2.19, 58.5%) by AlaDabbah and Jiad (1988) and in Israel (2.64, 74.6%) by Singer and Yom-Tov (1988) , but lower than reported in Europe by Seel (1969) . The mean numbers of fledglings from first and second clutches in previous studies were 4.29 and 5.03, respectively (Erdoğan, 1989) , and 4.5 each year , higher than those found in this study (see Table 4 ). It is a matter of concern if the mean number of fledglings is declining compared to previous studies in Turkey and Europe.
The mean percentage and number of unhatched eggs per clutch in the present study (44.4%, 2.64) were higher than those found both in Israel (29.9%, 1.51) and Iraq (28.0%, 1.34) (AlaDabbah and Jiad, 1988; Singer and yomaTov, 1988) . Mean proportion of unahatched eggs in first and second clutches were found to be 17.9% and 7.1%, respectively, by Erdoğan (1989) , and 7.84% annually by Sıkı (1992) , which is lower than our results. Differences in the ratios of unhatched eggs between years were due to infertility and desertion (eggs containing dead embryos).
A strong positive correlation between the mean of cS and H, Dn, FL, and UH in this study means that a positive or negative change in the clutch size will affect the other pa--rameters as well as breeding success. A positive correlation between eggs hatched, dead nestlings, and fledglings was observed on a yearly and a threeayear basis. An increase or decrease in the hatched eggs affects the number of dead nestlings and fledglings. In contrast, no statistically significant correlation between hatched and unhatched eggs was observed in a year or between years since these parameters are independent of each other. There was a negative correlation between dead nestlings and fledglings since an increase or decrease in one parameter will result in a similar change in the other.
The weight at fledging is known to influence postafledging survival (Lack, 1966) . Murphy (1978 b) showed that postafledging survival of young house sparrows was corarelated with their weight at fledging. Mean nestling weight at hatching in this study was higher, but fledgling weight (day 15) was lower than those reported by Singer and yoma Tov (1988) and Erdoğan (1989) . In addition, mean weight on the day before fledging was 70% of adult weight, and this is lower than the values of 90% given by Singer and yomaTov (1988) and 84% by Erdoğan (1989) . postafledging survival was not followed in this study; thus, the effect of fledgling weight on the survival rate is unknown, but in Downloaded by [Akdeniz Universitesi] at 03:56 30 December 2014 spite of this, it can be concluded that the lower breeding success in this study might be correlated with the lower nestling and fledgling weight.
Ecological factors like food availability, weather, and predator pressure are known to influence life history and reproductive success (Lack, 1968) . Seel (1968a) showed that air temperature was correlated with the start of breeding in England, and Murphy (1978a) also confirmed this conclusion in house sparrow populations in north America. Climatic factors (temperature, rainfall, and humidity) affected both the initiation of the breeding season and breeding patterns in this study. It can be argued that the breeding activities and patterns of the species were affected by variations in climatic factors within and between years.
Breeding success ratios in this study based on BS 1 are lower than the average of 42% for 13 populations calculated from Appendix 3.7 in Kendeigh and pinowski (1977) , 52.3% in Israel by Singer and yomaTov (1988) , and in the first two nesting attempts, namely 82.1% and 92.9%, in Ankara, Turkey (Erdoğan, 1989) . According to the second definition (bS 2 ), breeding success is lower than the average of 100% by Erdoğan (1989) and 78.9% by balát (1974), but higher than 53% by Sıkı (1992) and 35% around Oxaford, England, by Seel (1969) . As seen, the breeding success based on both methods in our study was lower. However, in this species there is much inter-pair, inter-site, and inter-year variation in clutch sizes and breeding success (Murphy, 1978a,b; McGillivray, 1983) and it is difficult to draw overall conclusions from results obtained during a threea year study. In conclusion, the results obtained in the present study when compared to previous studies point to one main conclusion: the breeding performance of the house sparrow population in the study area remained the same in the three year period. In con--trast to other studies in Turkey, it is worth noting that the breeding success of the house sparrow population is declining despite the increase in the number of breeding attempts. In addition, in light of the postafledging population (1 year period) decline suggested by some researchers (Summers-Smith, 1999; Freeman and Crick, 2002; Hole et al., 2002; Siriwardena et al., 2002; Böhner et al., 2003) , the population of the house sparrow in the study area and in Turkey must be studied and monitored for a longer period to obtain conclusive results.
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